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The Explosive Spread of Asian Carp
ADAM HINTERTHUER
Can the Great Lakes be protected? Does it matter?
T he flat-bottomed aluminum boats motored slowly into position. Electrical wires hung like jellyfish tentacles from poles across their bows and trailed through the muddy water. The only sign of something below was the frequent scraping and, sometimes, the jarring halt of a boat as it met a large chunk of sandstone barely submerged under the surface. Flowing beneath the namesake bluff of Starved Rock State Park, the Illinois River was flat and calm. Lock and Dam more than 100 yards away. Then the Illinois slipped back into a state of calm, as if the jawdropping display from America's most famous invasive species hadn't happened at all.
The carp invasion, however, isn't so obvious on all fronts. Crews such as this one have been electrofishing throughout the Chicago area for the last three years, in response to evidence that suggests the fish has made it to the Windy City. They have yet to catch a single live carp.
Five species of Asian carp now call American waters home: common, grass, black, bighead, and silver. Although common carp have been around for nearly two centuries and grass carp since the 1960s, it is the high-flying silver and massive bighead that have made national headlines and captured the attention of everyone from third-generation fishermen to natural-resource managers to the president of the United States.
Bighead and silver carp have so successfully overrun America's aquatic ecosystems that the battle to stem the tide is now managed by the White House. In the fall of 2010, President Obama convened the Asian Carp Regional Coordinating Committee (ACRCC), a collection of more than 20 local, state, and federal agencies.
Then the crew counted to three. Jolted by an arc of electricity, hundreds of fish erupted from the water, leaping several times their body length and dragging sheets of water with them into the air, sparkling in the bright fall sunlight.
Those first fish set off a chain reaction. In a cascade of shimmering scales and water, thousands of fish leapt in an aquatic stampede that fanned upstream, ending only when the river did, at the base of the Starved Rock "The carp alone are a huge and scary threat," Cmar said, "but we know that, as long as this water system is a direct connection, we are exposed to risk of further invasions [from other exotic species]. That's a known risk with a definite cost." But it's hard to put a number on those costs. Meanwhile, opponents of hydrological separation point to a Port of Indiana study that credited the locks and canal with adding $1.9 billion and 17,655 jobs to the regional economy. In the words of Mark Biel, executive director of the Chemical Industry Council of Illinois and founder of Un-Lock Our Jobs, a coalition of agriculture, industry, and civic groups, hydrological separation would be an "economically devastating and drastic solution."
Although the shipping industry lobbies hard against lock closure or hydrological separation, the real deal breaker is the wastewater of a major city and its 2.7 million residents. Chicago's storm-water system hinges on the canal. Closing the locks or severing the aquatic connection would mean increased flooding in Chicago Funded by $104 million pulled out of the president's Great Lakes Restoration Initiative, the ACRCC has only one job: prevent Asian carp from making their way into the Great Lakes. And that means all eyes are on the Illinois River. From there, the most likely route that carp would take to the Lakes is up into the Chicago Sanitary and Ship Canal and straight through Chicago.
DNA testing holds a surprise
In the spring of 2009, math biologist Christopher Jerde, a research assistant professor at the University of Notre Dame, was working on modeling the potential spread of invasive species either up into the Great Lakes or down to the Mississippi through the Chicago Sanitary and Ship Canal. His models suggested that carp should be near an electric fish barrier operated by the US Army Corps of Engineers 25 miles downstream from Chicago. The Corps, a member of the ACRCC, was worried that, because they must periodically take one of their electric arrays offline for maintenance, it could create an opening if there were any carp hanging out nearby, but the Corps couldn't confirm whether carp were present. The canal was too deep for electrofishing, and they couldn't put nets across the channel because of frequent barge traffic. They needed another option.
Around the same time, Jerde and two colleagues were discussing ways to manage the carp. Lindsay Chadderton, an aquatic ecologist at The Nature Conservancy, wondered whether there was a way to detect invasive species by taking water samples. Geneticist Andy Mahon, currently a professor of biology at Central Michigan University, said DNA could be filtered out of water. Jerde then realized that such environmental DNA (eDNA) might be the key to answering the Corps's question.
Jerde and his colleagues, under the direction of David Lodge, a professor of biology and director of the Environmental Change Initiative at the University of Notre Dame, adapted a method of eDNA testing that was used in aquatic ecosystems for the first time in 2008 by Italian researcher Gentile Francesco Ficetola, who successfully tested for invasive American bullfrogs in ponds across France.
What followed was, by scientific standards, an improbably quick move from hypothesis to real-world application. "We went from having preliminary results from the lab and the field in the spring [of 2009]," Jerde said, "to a funded research surveillance project with the Corps sometime around August." Almost immediately, Jerde said, they began "finding DNA [of both bighead and silver carp] where nobody really wanted to find DNA": above the electric barrier.
This evidence reinforced a conclusion made during the Aquatic Invasive Species Summit convened in 2003 by then Chicago mayor Richard Daley and the US Fish and Wildlife Service. Experts concluded that the only surefire way to address invasive species moving between the Great Lakes and the Mississippi River was "hydrological separation." In other words, a physical barrier of steel, concrete, or earth that would fill the canal and sever the artificial aquatic connection that was made more than 100 years earlier.
In 2003, however, the speakers at the summit were concerned about a carp population thought to be at least 55 miles downstream. Finding DNA in places as close to Lake Michigan as the Chicago Lock sounded an urgent alarm.
Today, researchers are studying the feasibility and impacts of hydrological Feature and a dangerous buildup of highly toxic water. There's no quick fix to that problem. For the time being, regardless of which way the hydrological separation issue plays out, the Army Corps's electric barrier stands alone as the primary defense against Asian carp.
An invisible fence
Along a 1300-foot stretch of the Chicago Sanitary and Ship Canal near Lockport, Illinois, there are three sections where, below the waterline, the walls are studded with hundreds of metal electrodes. A low concrete bunker sits on the edge of the canal, serving as the operating center of the pulsing electrical fields that run 24 hours a day and function much as invisible fences for dogs do. Fish that get close feel an unpleasant tingle. If they swim even closer, it turns into a painful shock. In both lab and field studies, fish do pretty much what you'd expect when they encounter the electric barrier: They swim the other way.
The Moy worked for the Army Corps for years and was involved in the early stages of developing the demonstration barrier. "I've always thought of the barrier as a way to buy us time while we work on better solutions," he said. "[The barrier] filters out a lot of carp, but [the number of fish passing through] is not zero."
The agency taking the lead on developing new methods of carp control is the US Geological Survey (USGS). Cindy Kolar, a program coordinator with the USGS invasive-species program, said that there is a rush to find new tools for agencies to deploy in their fight.
For example, the USGS is experimenting with water cannons, which can deter carp by making loud explosions underwater as a secondary means of keeping the fish from swimming where no one wants them. The Army Corps used water cannons to keep fish away during the last period of barrier maintenance earlier this year and reported that the technology appears to be successful.
Another USGS study would take the "pied piper" approach to carp control, using pheromones manufactured to resemble those released by female carp to lure male carp to a specific location where they could be either caught or poisoned.
"But what we're most excited about," Kolar said, "is taking a known chemical, [rotenone] and packaging it up in a way that will only affect Asian carp." Labs are already working on nanoparticle capsules that could hold the toxin and that would only disintegrate under species-specific conditions, such as when they encounter certain enzymes in Asian carp intestines.
Right now, when it is used, rotenone kills every fish in the water, which is fine, Kolar said, when "that's what you need to do. But sometimes," she deadpans, "you want to not kill everything."
According to Irons, the most promising method of carp control is decidedly low tech. He believes that commercial "warm standby," ready to be turned on should either of the other barriers fail or go down for maintenance.
According to Lieutenant Colonel David Berczek, deputy commander of the Chicago District for the Army Corps, the barrier is now at optimum operation, following a tweak the Corps made in October 2011 to better repel juvenile fish.
"We've spent a lot of time and effort testing [electric deterrents] in the lab and in the field to see which settings would be best," he said. "We are very confident that the barriers are effective."
Most fish biologists agree that the electric barrier technology does repel fish, but, said Phil Moy, assistant director of research for the University of Wisconsin Sea Grant Institute, it's more accurate to say that the barrier works, except when it doesn't. The barrier has "lots and lots of technology to rely on," Moy said, "and stuff goes wrong."
For example, early in 2011, the Corps reduced the voltage of the barrier in response to claims that it was interfering with the signals for a railroad running along the canal. After discovering that the barrier wasn't the problem, the Corps returned power to normal, The Natural Resources Defense Council's hydroseparation proposal would place an earthen barrier on the city's south side, across the Chicago River, where it meets Bubbly Creek, the infamous "sewer" of Chicago's old meat-packing district.
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Carp have yet to be blamed for large-scale effects, such as the complete reorganization of Great Lakes food webs brought about by zebra and quagga mussels, yet somehow they top the list of America's most-wanted invasive species and warrant tons of federal and state spending.
According to John Goss, former head of the Indiana Department of Natural Resources, who is now the "carp czar" in charge of overseeing the ACRCC efforts, the carp can thank the Internet for their notoriety.
"One reason the carp fight got federal funding was because of social media," Goss recently told a gathering of reporters. "There was no YouTube when the sea lamprey went wild [in the Great Lakes]," he quipped.
If carp were swimming unseen along the bottom of our rivers and lakes, it's hard to imagine the multistate lawsuit, the proposed redesign of America's third-largest city, or even the very existence of a "carp czar." But watch enough boaters get smacked in the head and someone get knocked off their water skis with a flying 40-pound fish, and, you get countless videos online, millions of views, and a movement gone viral.
Some experts maintain that bighead and silver carp offer more spectacle than real-world consequence. Yes, some unlucky boaters have been injured by the plankton-eating projectiles, but the bigger-picture threats that they pose to our ecosystems and economies aren't so obvious. And that's a problem. If we are to rationally debate the costs and benefits of once again separating the Great Lakes from the Mississippi watersheds, it would be nice to know what such measures would really prevent. For the scientists, engineers, and policymakers involved, the threats that silver and bighead carp pose are a lot like the rivers they're overrunning-muddy.
On the Illinois River, said Kevin Irons, aquatic nuisance-species program manager of the Illinois Department of Natural Resources, silver and bighead carp are doing better here than back in their native China. This section of fishermen who catch preset amounts of the fish.
Of course, Irons said, no one is going to get rid of all the carp. But, "if you reduce their abundance, they don't want to go looking for food [upriver] and you won't have so many fish 'going rogue.'" But does it really matter? Below the surface of the drama unfolding in Chicago is one nagging question: What, exactly, is so bad about bighead and silver carp? fishing might be the best management tool out there. A single commercial fisherman can net tens of thousands of pounds of carp out of the Illinois River per day. Some fish-processing plants already export tens of millions of pounds of Asian carp to countries such as Indonesia, Turkey, and China each year. The state of Illinois has been helping to subsidize processing plants that want to ramp up their carp output and has even implemented a program that, essentially, puts a bounty on the fishes' heads, training and then paying Feature researchers speculate that carp will never make it in the Great Lakes. A few of the long-lived fish might swim in and cruise around for a couple decades, they admit, but generally, the water is too cold, and its levels are too invariable to trigger spawning. What's more, even if they spawn, these skeptics say, Great Lakes tributaries aren't long enough to carry carp eggs the distance required for them to hatch. But, said the USGS's Kolar, it's difficult to make a claim about what a fish will do in a new environment. "We see it all the time," she said. "When a fish is in its native habitat, it doesn't express everything in its genome. It takes getting somewhere else to bring out behaviors and abilities to survive that you couldn't predict. the river probably boasts "the highest density of Asian carp in the world."
In a report Irons coauthored with the Illinois Natural History Survey, researchers estimated between 4100 and 4300 silver carp per square mile in "the lower 240 miles of the Illinois River," said Irons. "And we don't even have numbers for the bighead carp." That's at least a million silver carp, which can grow into 40-pound adults, and an unknown number of bigheads, which top out at 100 pounds, all competing for food and space with the native fish.
Surely, when an invasive species accounts for 80 percent of an ecosystem's biomass, it's going to have environmental effects. But these staggering numbers simply haven't yet been accompanied by dramatic change. That isn't to say that bighead and silver carp won't eventually have destructive impacts, but the fish have been thriving in rivers of the Mississippi Basin and some Southern lakes for decades now, and it's hard to put a finger on their effects.
Part of the problem, said Duane Chapman, a USGS research fish biologist and immediate past president of the Introduced Fish Section of the American Fisheries Society, is that rivers are notoriously difficult to study.
"Rivers are so extremely variable from year to year," Chapman said. "The timing of high-water periods and temperatures is all very variable." When the control data can change with a single unusual weather event, Chapman said, "you have a really coarse background to look at. It's hard to pick out the real changes."
A few years ago, he said, the smallmouth bass population in the Illinois River plummeted. Authorities wondered whether Asian carp were starving the bass by outcompeting their prey fish for food, but bass numbers rebounded the next year.
It's frustrating for all involved, because fisheries managers and those of other agencies are clamoring for data on how carp will affect their region, but hard data are lacking. However, said Irons, on the Illinois River, they are starting to see effects that can be attributed directly to the presence of carp. Although it's not as dramatic as a massive fish dieoff, Irons and colleagues published a paper in the Journal of Fish Biology in December of 2007, in which they documented a decline in the fitness of bigmouth buffalo and gizzard shad, two native filter feeders that compete with carp for food.
"Unlike humans," Irons said, "a fat fish is a healthy fish. And we've seen [shad and buffalo body weight] decrease between 5 and 7 percent, which is significant. [It's] at the point where we see egg quality go down and they're more prone to disease. It's an obvious food limitation in a very productive river, which we didn't think would happen."
Chapman said Irons's results make sense. "What bighead and silver carp do really well is remove the larger zooplankton," Chapman said. "That's one thing that no one really doubts. With only moderate numbers of bighead and silver carp [in an ecosystem], you get almost complete removal [of zooplankton]." So, said Chapman, even though we're not yet seeing dramatic results, carp "absolutely do change things dramatically at the lower end of the food web. But how that translates up the food web through other fishes is going to vary. Some fishes just aren't going to be affected… but others are, and it'll be difficult to predict." Carp haven't yet shown measurable negative impacts on sport fish such as bluegill or bass, Chapman said. But, in Europe, invasive Asian carp have hurt sauger populations, a cousin to one of the Great Lakes' favorite sport fish, the walleye. Should Asian carp become established in Lake Erie, with its relatively warm and nutrientrich waters and its multibillion-dollar sport-fishing industry, problems could arise.
Still, some critics say all of these efforts are like pouring money down the drain. The fish aren't having that huge of an impact on our ecosystems now and, what's more, some Nerissa Michaels, of the Illinois Natural History Survey, shows off the silver carp's gill rakers, structures that allow them to filter a greater variety of food from the water than can native filter feeders. Photograph:
Adam Hinterthuer.
